In the literature there are hundreds of articles, the first dating back to 1866 and the last to 2014, on gymnemic acid, isolated from Gymnema sylvestre, from its isolation to the determination of its biological activities. Gymnemic acid has a CAS number but its structure is not specified. Studies during the second half of the 1970s clearly demonstrated that what was being referred to as gymnemic acid is actually a very complex mixture of dozens of substances, belonging to different classes of natural compounds. This plant, whose infusions or complex mixtures of its metabolites are the basis for many formulas sold in pharmacies and by herbalists, has anti-diabetic and slimming effects. It is certainly misleading to talk about gymnemic acid as a specific molecule. There may be doubts about the exact composition of the products, and consequently about their origin and the claimed effects.
Gymnema sylvestre R. Br., (Family Asclepediaceae) used for the production of commercial products available in pharmacies and health food stores, comes from the tropical forests of India and Southeast Asia. The plant, a woody vine with oval or elliptical leaves and bell shaped yellow flowers, grows in tropical temperatures where there is abundant moisture. It is known by different names, including Gokhru (Unani), Gurmar (Hindi), Meshashringi or Vishani (Sanskrit), and Sirukurinjan (Tamil). The active principles, mainly triterpenoid saponins with an oleananic skeleton and commonly known as "gymnemic acids", are concentrated in the leaves [1] [2] [3] . "Gumar", means "destroyer of sugar", in fact Indian herbalists have used it for the treatment of diabetes for over 2,000 years. Infusions of the plant help the pancreas in producing insulin for diabetes type 2, and decrease not only an appetite for sweet things but also the intestinal absorption of sugars [1, 4] . It is also used to treat snake bites, colds, and intestinal disorders; it has the ability to reduce the circulation of lipid in the blood stream and has an important antiallergic effect. Numerous research projects have also shown that G. sylvestre helps to reduce the amount of stored carbohydrates in fatty deposits and increases the production of energy, since it leads to a reduction of fat reserves and thus a greater amount of energy is available. Among other things, the plant is recommended for those who suffer from a high concentration of triglycerides and LDL ("bad" cholesterol) in the blood, because it reduces their quantity [4] . In fact, many Indian doctors encourage the integration of G. sylvestre in authorized food additives to treat obesity and tooth decay. The extracts of this plant are widely used, even among the populations of Australia, Japan and Vietnam. It also has a mild diuretic effect and is recommended to treat water retention. The leaves are widely used to soothe upset stomach, constipation and liver disease. Rheumatoid arthritis and gout are also treated effectively using its infusions. The leaves have also demonstrated significant antibacterial and antiviral properties. Numerous studies have shown that the greatest benefits from G. sylvestre can be obtained by taking the product in the form of herbal tea or capsule, both equally effective. G. sylvestre has been considered to be very safe for adults, while limited use is recommended for children and women who are pregnant or breastfeeding; contraindications have not yet been identified.
One of the first articles in the scientific literature considering G. sylvestre dates back to 1866. It mentions how the Hindus used the pulverized bark of a strong woody shrub as an antidote against snake bites [5] . Not only that, when chewed, the leaves possessed at first a bitter, astringent and later a slightly acid taste that interferes with the ability of the taste buds on the tongue to taste sweet and bitter. Sugar tastes like sand and quinine sulfate like chalk. After some hours, the normal sense of taste is recovered. The author commenced chemical investigation and succeeded in separating three substances, although not sufficiently characterized. Perhaps more correctly, the authors were referring to the separation of three fractions of the same extract, the result of which was the first step in the chromatographic separation of an infusion of G. sylvestre.
More generally, the leaves of G. sylvestre, the most interesting part of the plant, do not contain cyanogenetic glucoside and the quantitative analysis of their ash indicated the presence of CaO (19.3%), Fe 2 O 3 and Al 2 O 3 (17.9%), and MgO (2.7%) [6] ; the remainder consisted chiefly of alkali carbonates (46.8%), P 2 O 5 (6.73%), with traces of manganese (1.31%) and silica [7] . Moreover, the aqueous leaf infusion contains not only hentriacontane, pentatriacontane, chlorophylls A and B, phytin, resins, tartaric acid, inositol, anthraquinone derivatives and gymnemic acid [7] , but also fats, essential oil, tannin, saponins, and acid resins [8] ; while, the hydroalcoholic infusion contains only 1-quercitol and dextrose [6] . The dried powder extracted from the leaves with light petroleum gave a brown resin containing lupeol, β-amyrin (isolated as the acetate) and stigmasterol, and when extracted with H 2 O-EtOH (1:19) ( Table 1) it gave a water-soluble, brown gum whose organic fraction, an amorphous powder soluble in CHCl 3 -EtOH (2:1), had antidiabetic activity [9] . The fruits of G. sylvestre contained the same substances as the leaves with the exception of l-quercitol [6] .
No component was found having a direct action on blood sugar. It was presumed that the material stimulates insulin secretion. Pills containing 0.1 g were claimed to be equivalent to 25 units of insulin [8] . The leaves contain pentatriacontane, chlorophylls A and B, phytin, resins, tartaric acid, inositol, anthraquinone derivatives and GA.
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The leaves contain fats, essential oil, tannin, anthraquinone derivatives, saponins and acid resins.
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The leaves contain lupeol, β-amyrin and stigmasterol. 9 Preparation of GA, a brittle, black, resinous substance, from the alcoholic extract of G. sylvestre. The formula is C 32 H 54 O 12 .
10
GA, white powder, soluble in water, shows IR and UV spectra that suggest a rather large molecule with several functional groups. Ultracentrifugation indicates a molecular weight of ∼600. GA has both a steroidal and glycosidic nature, indicating a saponin-like material. Qualitative chemical tests showed the absence of an anthraquinone nucleus, but not of an aromatic nucleus.
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Gymnemagenin, the aglycone of GA, is probably a new hexahydroxy triterpene . 15 In 1888, the term "gymnemic acid" was used for the first time for a brittle, black, resinous substance, of a greenish color if powdered, which had the peculiar property of destroying the power of the taste buds on the tongue to appreciate the taste of sweet substances [10] and it also had antiviral activity [11] . This acid was prepared from the leaf of G. sylvestre, where it exists as a potassium salt. By treating the aqueous solution of the alcoholic extract with a mineral acid and then drying it in a current of hot air a precipitate of the potassium salt is obtained. Its molecular formula was reported to be C 32 H 54 O 12 [10] . In fact, on adding water to an alcoholic extract of the leaves, a soft, dark green, resinous mass was obtained which contained HCO 2 H and PrCO 2 H acids, and hentriacontane, present in the leaves to the extent of about 0.05% and with a melting point of 68°C [10] . When sulfuric acid was added to the filtrate from this precipitate, a greenish-brown resinous product was obtained. With a melting point between 150 and 175°C, it was few soluble in ethyl acetate, easily soluble in alcohol and acetone, insoluble in diethyl ether, light petroleum, benzene, chloroform, and water, and had only weakly acid characteristics; in caustic alkalis it separated with the formation of dark red solutions, of which the NH 4 -salt represents a black, amorphous body [6] . Gymnemic acid immediately appeared to be a complex mixture. About twenty years after the first chemical investigation, it was proposed to reserve the name "gymnemic acid" (GA) for the ethyl acetate extract of the above mentioned fraction that showed the antisweet activity [6] .
There was no evidence that it was a homogeneous substance, amounting to about 6% of the air-dried leaves. It had weak acidic properties and, when fused with potassium hydroxide, it supplied MeCO 2 H, and protocatechuic and p-oxybenzoic acids, which melted at 192°C; on oxidation with potassium permanganate, HCO 2 H was produced. The resinous substance associated with the GA in the precipitate obtained with sulfuric acid was also of an acidic nature, and yielded the same products on fusion with potassium hydroxide [6] [7] . Different methods are reported for obtaining GA. For example, the active substance was isolated by extracting leaves with boiling H 2 O for 5 min. After centrifugation, the supernatant liquid was acidified to yield a precipitate which was filtered in a vacuum and then dried. The crude GA was dissolved in acetone and the insoluble material removed. Evaporation yielded a solid which was recrystallized from diethyl carbonate to give a white powder with a melting point of 195-199°C [12] . GA was also prepared from the foam of an aqueous solution. The dried foam produced a material which had an anti-sweet activity [12] . So different methods to obtain what was then listed under the name of GA were indicated. It is easy to assume that GA did not always necessarily have to have the same composition (trivially in the work of Yackzan in 1966 [12] GA is a white powder, when usually the color reported was black and with a different melting point).
GA and its resinous fraction insoluble in ethyl acetate were devoid of toxic properties [6] . The leaves did not contain any compounds which disintegrate glucose in vitro or any insulin-like substances, but they caused hypoglycemia. This effect was due to an indirect stimulation of insulin secretion by the pancreas. The leaves had no bactericidal effect. They were toxic and caused a lack of appetite, diarrhea and asthenia. They stimulated the heart and blood circulation, increased the secretion of urine and activated the uterus. Their purgative effect was due to the presence of anthraquinone derivatives [7] . Thus, from 1888 to 1978 no fewer than 53 articles were published. Probably, at that time researchers did not have the current means of isolation, purification and identification of the components of a very complex mixture such as gymnemic acid. Partial structures or other structural assumptions were published, on which it was inevitable to return to make changes or correct them completely. At the beginning, with NMR not available, at least for molecules of a certain complexity, it was necessary to prove the hypothetical structure proposed by a long correlation of chemical analysis, which, in addition, was not always exhaustive. From the early 1960s, researchers passed from the study of infusions to coarse separations of them into their different components and their biological activities, and then to chromatographic separation into homogeneous fractions and their subsequent structural determination. In particular, they drew attention to the chromatographic separation of GA. In the last 30 years more than 400 articles, of which 7 are from 2014, have been published (SciFinder and ISI-Web of Science).
Preliminary investigations into the chemical structure of purified GA indicate that it produces sugars on acid hydrolysis, and it was a glucoside. GA also had both a steroidal and glycosidic nature, indicating a saponin-like material. Qualitative chemical tests showed the absence of an anthraquinone nucleus, but not of an aromatic nucleus. If GA is solubilized in H 2 O, the majority of the precipitate formed at pH 3.6 gives a fraction that showed the highest suppressant qualities. Eventually, the authors hypothesized for the first time that GA could be a mixture of two glycosides and contained about 70% A 1 and 30% A 2 [13] . IR and UV spectra suggest a rather large molecule with several functional groups, among which may be included OH, COOH, and one or more glycosyl groups. Ultracentrifugation indicates a molecular weight of ~600 [12] . To perform a variety of biological assays and to establish a possible correlation between the structure of the tested substances and detected activity, it was necessary to isolate and characterize the constituents of GA. At first, it was hypothesized that GA was the D-glucuronide of a probably new hexahydroxyolean-12-ene, gymnemagenin or Genin L, esterified with HCO 2 H, MeCO 2 H, PrCO 2 H, iso-BuCO 2 H and tiglic acids [14] . However, GA was not an absolutely pure substance, and was composed predominantly of gymnemic acid A 1 , accompanied by gymnemic acids A 2 , A 3 , and A 4 [16] .
Fermentation of the raw extract containing the gymnemic acids yielded several genins: genin J, genin K acetate, genin G acetate, and genin L acetate (hexa-O-acetylgymnemagenin). The genin-free fraction was acidified, treated with CH 2 N 2 , evaporated, and acetylated to give, after chromatography on silica gel, compounds Q (tri-O-acetyl-β-D-glucofururonolactone), S (methyl tetra-O-acetylα-and β-D-glucuronate), and T (unidentified) [14] .
History of gymnemic acid
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It was hypothesized that gymnemagenin, the aglycone obtained from GA by fermentative degradation and alkaline hydrolysis, was a new hexahydroxy triterpene. The proposed structures 3β,15α (or 16β),21β,22α,23,28-or 3β,15α,16β,21β (or 22α),23,28hexahydroxy-olean-12-ene were derived mainly from data obtained by physical methods [15] . The structure was finally established as 3β,16β,21β,22α,23,28-hexahydroxyolean-12-ene, on the basis of chemical correlations just one year afterwards [16] [17] [18] [19] . Only two years later the isolation of gymnemic acids A 1 , A 2 , A 3 , and A 4 , which would, in the light of subsequent progress, be more properly referred to as fractions and not as individual compounds, it was realized that gymnemic acid A 1 was converted into gymnemic acid A 2 and finally into gymnemic acid A 3 by alkaline hydrolysis. Acids esterified in the genin of A 2 were 1 mole of MeCO 2 H, 2 moles of isovaleric acid and 1 mole of tiglic acid [20] . Still Kurihara [21] reported that gymnemic acid A 1 was esterified with 1 mole of MeCO 2 H, 2 moles of isovaleric acid and 1 mole of tiglic acid, which was a clear contradiction with those reported in the previous article. Moreover, A 1 was converted into gymnemic acid A 2 by hydrolysis of 1 mole of MeCO 2 H, and into gymnemic acid A 3 by hydrolysis of all acids in the genin. Some years later, gymnemic acid A 1 turned out to be the mixture of two different compounds (A 11 + A 12 ), as well as the gymnemic acid indicated with the abbreviation B 1 and corresponding to gymnemic acid A 3 , which was the mixture of the two acids (B 11 + B 12 ) [22] . Dateo and Long also hypothesized that compound A 2 could well be an artefact obtained from the product A 1 . The major component, gymnemic acid A 1 , which still possesses the antisweet property, was a D-glucuronide of a new hexahydroxy triterpene (esterified with different acids). On the basis of physical and chemical data the structure of the new deacetylated triterpene was hypothesized to be gymnestrogenin [23] . The structure of gymnestrogenin, a new triterpene from the leaves of G. sylvestre, was proposed to be 3β,16β,21β,23,28pentahydroxyolean-12-ene [24] . Sinsheimer et al. [25] published a paper in which for the first time four gymnemic acids A, B, C and D were reported. Their antiviral activities against influenza viruses were tested; gymnemic acid A showed the greatest activity, moderate inhibition was obtained with gymnemic acid B, and none was observed for gymnemic acids C and D. Two years later the same author reported that gymnemic acid was a much more complex mixture made up of at least 9 closely related acidic glycosides [26] . Solvent extraction and chromatographic separations of gymnemic acid resulted in the isolation of gymnemic acids A-D (the major constituents) and gymnemic acids V, W, X, Y, and Z. Acids A-D are glycosides which yield glucuronic acid on hydrolysis, while acids C and D also yield glucose. A comparison of the chemical and physical data showed how the gymnemic acids A and B were equivalent to gymnemic acids A 1 and A 2 , respectively. The aglycons of gymnemic acids A-D, obtained with the aid of a selective enzyme system, were named as genins G, K, N, and gymnestrogenin, respectively. Genin G was an acylated derivative of gymnemagenin, containing HCOOH, MeCO 2 H, isovaleric and tiglic acids, while genin K differed from G by the absence of the MeCO 2 H residue. Genin N was gymnestrogenin tiglate. Genin J, probably an artifact originating from genin G, was also isolated and was indicated to be gymnemagenin esterified with MeCO 2 H, isovaleric and tiglic acids. The sugar moieties of acids A and B are not acylated, while those of acids C and D are esterified with ferulic acid [27] . A method for the quantitative analysis of gymnemic acids was established determining them as deacylgymnemic acid, by means of high-performance liquid chromatography. This method was used for comparing the contents of gymnemic acids in various samples. The amount of gymnemic acids analyzed as DAGA in a 70% ethanol extract of dry leaves was about twice that in the hot water extract [28] [29] . A method has been reported that is based on a system containing hollow cellulose ultrafiltration membranes. It has the advantage of being a simple extraction process obtaining a low cost, low energy consuming pure product, suitable for industrialized production [30] . The K salt of GA was shown to have equal suppressing effects on the sensitivity to the sweet taste of sucrose and Na saccharin [12] [13] [31] [32] . The effects of the sweet suppressant were studied in a mixture with sucrose. Both an aqueous decoction and purified GA were studied. The initial impression of sweetness of the mixture of GA and sucrose was not different from that of a suitable control. An initial lack of suppression was attributed to the relatively slow buildup effect of GA. This buildup and the following recovery were quantitatively examined. At least 30 sec were needed for the full effect of GA to appear, and recovery was not complete 50 min later [32] . The magnitude of different taste quality response categories such as sour, salty, bitter and sweet, was estimated too [32] [33] . GA produced the expected depression of sweetness for two amino acids, glycine and dl-alanine, and sucrose, and also produced depressions and enhancements of some of the other taste quality categories for these stimuli. These results were analyzed in terms of possible reciprocal characteristics of taste quality categories, taste mixtures, and simple and complex taste sources. The antisweet activity of A 2 (held in the mouth) was <20% of that of A 1 . A 3 did not show any antisweet activity. The sweet taste of 0.025 M Na cyclamate, 0.025 M D-tryptophan, 0.076 M D-leucine, 0.038 M BeCl 2 , and 0.076 M Pb acetate was suppressed by 10 -3 M of A 2 ; the sweet taste of CHCl 3 was not suppressed [20] . The ester group in the genin may be important in the manifestation of the antisweet activity of A 1 . A 1 , at 5 × 10 -3 M, changed the taste of Na glutamate to a taste similar to that of NaCl [21] . The dried foam also gives a material which has an anti-sweet activity and by diluting the foam extract rabbit erythrocytes are hemolysed [8, 12] . In an article of 1986 [34] , the effects of GA, indicated as "a triterpene glycoside from leaves of Gymnema sylvestre" was examined to evaluate its inhibitory effects on glucose absorption in rat small intestine. The suppressant effect was dose-dependent, reversible, and long-lasting. Suppression of postprandial hyperglycemia was also examined using an oral sucrose tolerance test. Increase of blood glucose concentration after oral administration of 2 g/kg of sucrose was suppressed by the oral administration of GA.
In conclusion, in the literature there are hundreds of articles, the first of which dates back to 1866 and the last 7 articles to 2014. They all deal with GA, from its isolation to the determination of its biological activities. CAS number 1399-64-0 is attributed to GA, whose structure is not specified. Studies in the second half of the 1970s clearly demonstrated that what was being referred to as gymnemic acid is actually a very complex mixture of dozens of substances, maybe hundreds, belonging to different classes of natural compounds. Even today the plant is the subject of study for the isolation and structural determination of its components. Infusions of the plant or complex mixtures of its metabolites are the basis for many formulas sold in pharmacies and by herbalists; these formulas also have anti-diabetic and slimming effects. It is certainly misleading to talk about gymnemic acid as if it were referring to a very specific molecule. The data reported in the literature show that gymnemic acid is an inexistent molecule to which we should never refer. Therefore, it is impossible to make quantitative and qualitative determinations of commercial products for food or body care. There have to be doubts about the exact composition of these products, their origin and their biological effects (always positive?). 
